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Overview

Timeline

Start Date: October 1, 2014
End Date: September 30, 2017

» Percent Complete: 12%

Barriers

Severe Range Penalty of GCEDVs in Cold
Weather (up to 40% range reduction at -10°C)

Resistive heating is the typical heat source for
passengers and battery — low-efficiency (COP<1.0) &
significant drain on battery

Must reduce customers’ range anxiety for greater *\,’

GCEDV acceptance ‘ & )

Budget
Award No. : DE-EE0006840
Contract Value (80/20): $ 3,170,379
= Gov't Share (with National Lab) $ 2,536,303

= Delphi Team Share (with National Lab) $ 634,076

|<7 BUDGET PERIOD 1 —pI
BP-1 Planned [FRUPTGIN ~ Approved $1220K !
BP-1 Actual $ 331K

As of March 1, 2015

Partners

FCA

@) norGREN, DeLPHI

(Primary Awardee)

LINREL

D<ELPHI
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http://www.google.com/url?url=http://www.thecarconnection.com/news/1095939_chrysler-is-dead-long-live-fca-us-llc&rct=j&frm=1&q=&esrc=s&sa=U&ei=4S0lVZaYHtGUsQScsIDoAQ&ved=0CDQQ9QEwDw&usg=AFQjCNEWrgCjT-wUbWs4ddGGDJ2goDCA7Q
http://www.google.com/url?url=http://www.thecarconnection.com/news/1095939_chrysler-is-dead-long-live-fca-us-llc&rct=j&frm=1&q=&esrc=s&sa=U&ei=4S0lVZaYHtGUsQScsIDoAQ&ved=0CDQQ9QEwDw&usg=AFQjCNEWrgCjT-wUbWs4ddGGDJ2goDCA7Q

Relevance and Project Objective

Overall Objective
UTEMPRA targets to increase 15% BEV drive range at -10°C with equivalent cabin comfort

= Scavenge waste heat from electronics and electric motor
= Provide thermal management to all power components
» Implement a simplified A/C and Heat Pump System with flexible coolant-based distribution
- Coolant-based system can be synergized with with other energy-saving technologies (e.g. PCM-based thermal storage)
= Demonstrate technology for a 2015MY BEV with an OEM partner (FCA) to calculate energy benefit. Develop system for mass
production by 2020. Bring project TRL from 3to 7

Specific Annual Objectives
0 Budget Period 1 (Oct. 15t -14 to Oct. 315t -15): Technology Development Phase

» Program management & sub-contracts with partners

» Review vehicle requirements & develop system specification, explore vehicle packaging
» Instrument & test baseline vehicle to set performance targets

» Design system components (Heat exchangers, Compressor, Valves, Pumps)

» Develop flux-less braze equipment specification & order equipment (long-lead)

» Develop Matlab-Simulink system model to study Baseline and UTEMPRA systems

DE<ELPHI
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Approach — Baseline BEV System

2015MY BEV

O Cooling: Traditional Direct A/C System
Heating: PTC (Resistive) Heater (qty. 2)

a Thermal Conditioning of Battery, Power
Electronics and Cabin are independent

a0 Two PTC (Resistive) Heaters for the Cabin
and Battery - significant drain on the
battery

O Relatively simple control but no heat
recovery/thermal optimization applied

aes @® /\S

Battery Radiator Loop |
Condenser Loop 2
Power Elect. Radiator
‘ PUMP©
OBC EM | PE Loop 3
HVAC ____ A ________
Cabin PTC Heater i COMPRESSOR
TXV
%X— Evaporator [—
Av4
Battery Chiller
Battery PTC Heater oMP V\\ e
// VALVES

Battery

2015 Fiat 500e Thermal Management System

DE<ELPHI
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Approach — UTEMPRA System

UTEMPRA System o Coolant from System
Liquid Cooled R/D to be Heated
Condenser
) -cooler / Chiller
i@ y 4 Cold
Co&t)'\:nt
Coolant M Nt System
Distribution < > = Codjan
Network Battery Sv-;ttoem
"’L'ﬂ-'—-u--'a;
Liquid + Wapor v Liquid : an_-: r;:;..:
IYPICAL SINGLE-STAGE Refrigerant Sub-system Inverters
VAPOR COMPRESSION REFRIGERATION - ‘ ) C(f)o\ant
EV Therma o
Components Condenserp:mp_ . / S:slt??
ectric Compressor 8 ] Celed
Motor Refrigerant Sub-system Chiller Pump
UTEMPRA Benefits Expected Range Improvement
0 Compact refrigerant sub-system generates heating and L 0 @ Full &V Natural Range (without
cooling — continuously available and deployable g | S e
a Coolant architecture enables heat scavenging — improved g
fuel economy gL g il e
. . z
o Coolant-based heat pump system is more simple and s 1 i
more flexible vs. refrigerant-based heat pump systems e e RSN aumemtatnmeaes
. i g . . t lud lem.
0 Significant refrigerant savings (est. 50% vs. ref. based srevpns NS RGeS N e
. . esis. Heat asteHeat Reuse
heat pump systems) — cost and environmental benefit
C::VEH“W' Resistive Heat ONLY e
system -
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Approach — Milestones

Date

Nov-14

Feb-15

Apr-15

Jul-15

Oct-15

Milestone

Milestone 1: Rough Vehicle Packaging Study

Milestone 2: System Specification

Milestone 3: Component Design

Milestone 4: Proof-of-Concept (POC) Manifold and
Valve Design

Milestone 5 and Go-No-Go 1: POC Manifold and
Valve Build

Status

Complete
(Dec-15)

Complete
(Mar-15)

Est. May-15

On Track

On Track

DE<ELPHI




Approach — Activity Flow/Timeline

Bazeline Baseline 14 2015 2018 2017
~ | Task Hame - | Start » Finish » [Qir3 Otrd | Qtr1 Qir2 Otr3 Qtrd Qir1 Qr2 Otr3 Qird Qtr1 Qtr2 Qir3 Qtrd
0 - PMP & HREL 10114 W27 - ' : : '
() 1 4 Budget Period 1 100714 10§28115 % 31%
Z" "q_)' 1.4 » Vehicle Requirements 100714 10029014 g_ O
‘.(7)' a 1.2 » Refrigerant, Lubricating Oil, Coolant & 10M14M4 111314 o 102%
o E Compressor Selection g
E 8 13 » Wehicle CAD Data 10114114 T12TM5 (<)) 15%
1.4 + Vehicle Baseline Tests (HVAC Performance, 11113114 212415 a 85%
Energy Usage, Range Effect) (@)
1.5 » System & Component Specifications 2:'.21"15 JMTM5 —8
1.6 » Heat Exchanger Design, Analysis & Optimization | 3M7M15 5615 C 1%
1.7 » Unitary System Vehicle Modeling 2124115 9215 % 5%
1.3' » Flow Control (Coolant) |2|"1 M5 10116115 ﬁ
19 » Brazing Equipment Spec and Order 1/5M156 10028115
=7 4 Budget Period 2 11121
24 » Prototype Design / Build 111215 813016 -
2.2 » Brazing Equipment Qualification, Tooling & 11/2M15 4/TM6 %
Component Build E E
2.3 » Component & System Tests 412616 6/9M6 _'0_-2 o
2.4 + System Bench Performance Tests 6/9/16 10i26/16 g %
2.5 » Vehicle Controls Study 6916 911516 n 5
2.6 > Human Machine Interface or Information 7416 9MM6 o
Display
3| 4 Budget Period 3 11116 QM7
3.1 -~ Vehicle Controls 11116 1MTMT
3.2 » Design Durability Validation - Components 11116 1617
Jedk » Manufacturing Plan & Cost Estimates 11116 1/26MT
3.4 » Wehicle Build 11817 2M4M7
3.5 » Wehicle Testing 21517 3T {
3.6 » Final Technical Analysis & Vehicle Delivery BITMT 22T p— %
0 Status (as of April 10t"): approximately 1 month behind baseline schedule D<L.PHI
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Technical Accomplishments —

Preliminary Vehicle Packaging Study

UTEMPRA Refrigerant sub-

system Approx. MMFC Volume

Relocated 12V Battery
On-Board
Charger

Inverter
(PE)

Option 1: Compressor ——

Coolant Pumps

HVAC Cooler

HVAC Heater

B Delphi Electronic Data Logger PTC
Controller Coola nt . = '
500e Top View Condenser (LCC)
Chiller
FEX Compqnent
- Electric N Locations
Motor Option 2: Compressor
UTEMPRA Packaging

O Very compactly packaged baseline vehicle under-hood

(MMFC), Front-end Heat Exchanger

relocated to accommodate UTEMPRA components

0 Main UTEMPRA components are: Refrigerant-subsystem, Multi-mode Flow Controller

0O Some existing components (12V battery, fuse box, electrical lines etc.) will be

D<eLPHI
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Technical Accomplishments —
Baseline Testing & Specification Creation

Temperature (deg C)

N N W w S D O o O
o o0 ©O O O OO0 O O O O,

= o
o o0 o O,

Baseline Fiat 500e Testing Highlights
R134a refrigerant (production) changed to R1234yf

a

a

for UTEMPRA system

FCA-provided iBox used to read vehicle CAN data

traffic — Battery internal temperature, power draw efc.
Heating and Cooling performance targets set based

on FCA test procedures

Automatic Climate Control (ACC) tests conducted to

understand vehicle controller behavior
ACC Heating : -10°C, 0°C, 20°C
ACC Cooling: 25°C, 35°C, 43°C

Temperature {deg C)

2015MYFiat 500e with R1234yf 1
FCA-CD25 Target Test Outcome COOllng TeSt
- Breath Average Temp deg C
Vent Average Temp degC H
Max-Min Vent T deg C
o~ e i
7
A __’
i
N S s s s e s B SR SRS
10 20 30 40 50 60 70 80 90

Time (minutes)

2015MY Fiat 500e BEV Heating Test
Heater Warm-up (-10°C Ambient) Target Test Outcome

7 .
70 :

——M—-A—-[/-'---f

e

o =

|
Floor Vent Avg T deg C
= = Defrost Avg T deg C
Driver Side Floor T deg C
Pass Side Floor T deg C

1'0 — = = IBrelath :‘\vng dgg C :
0 20 40 60 80
Time (minutes)
DL PHI
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Technical Accomplishments —
Coolant System Architecture

Multi-Mode Flow

Hot Coolant Solenowd
Controller (MMFC) Manifold Actuators
g D
(1) HVAC
———————————— Heater
"i\ 1
o 22—
Liquid Cooled pe | em | orc @_ H4) -[l_ 1-F7--1 FEX
Condenser | Y |
: Hot Coolant Loop N : k"’ﬁr 1
Refrigerant 1 §: T— ”_ 63 : @ ESS
Loop L R —-5l s oL ad o o] (Battery)
\ [
Electric Drive | ~ J/ [
TXVX Compressor H
N Reservoir ] : :
( . [
[ W]
| chiller — 1 =
1 Cold Coolant Loop ) Craxr-+4---
I < 4 L1 1
I Coolant \ = \
Y /7« ) T pTc b =-—-—-—|= T - (_13. —, || - Cooler
Heater —————qm———-—-
COOLANT FLOW PATHS On/Off VALVE PUMP i J
Hot Cold . @
Forward (#) Cold Coolant
Manifold
Return - -———
By-Pass =———

Proof-of-Concept (POC) Coolant System

0 Total of 22 modes identified — encompassed all thermal functions in baseline vehicle
plus heat pumping and heat scavenging

o POC MMFC design provides flexibility for technology development. Further
refinement/consolidation of architecture planned in BP-2

This presentation does not contain any proprietary, confidential, or otherwise restricted information.
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Technical Accomplishments - Braze

Concerns/issues with traditional brazing that require fluxing :

» Because of compact design and internal braze surfaces residual flux will be present
» Coolant may react with residual flux producing corrosive by-products.
» Potential Safety Issue for battery and PEEM coolant circuits!

= Difficult to limit internal flux for laminated heat exchangers (multiple large heat exchangers)

» Possibility of product defect
» Cost

Flux-less brazing material solves these issues by eliminating fluxing
» Need to develop material and braze process

. Coolant Plate (Lamina) :
wn i A Inlet s E
: 5= ' efrigerant
‘ ‘ e Inlet
‘__’-— /
| ey Refrigerant -
Outlet oolant
" Outlet

Off-set Strip Fins =~

Liquid-Cooled Condenser and Chiller Exploded view of Chiller showing internal details

. Sectional View of Laminated
UTEMPRA Laminated Heat Exchangers S st Exchangers

DE<ELPHI
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Technical Accomplishments — Braze
Furnace

U Flux-less material requires specific furnace environment to prevent the oxide layer from
re-forming

» Desired O, levels approximately10-15 ppm
» Furnace must be clean and free from contamination from brazing traditionally fluxed products

O Existing production furnaces do not provide necessary braze zone height, cleanliness
nor purity of environment

» UTEMPRA heat exchangers have large height and requires taller muffle of furnace
» Developmental furnace is required and included in this project
U Sourcing and ordering furnace equipment has a long lead time
» Equipment to be ordered in May, 2015
» Equipment delivery December, 2015

Similar 5-Zone
Furnace

UTEMPRA
Furnace Plan

DE<ELPHI
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Technical Accomplishments - Modeling

Modeling Objectives:

a Create Baseline and UTEMPRA system & vehicle

model

O Analyze system behavior to understand control

system design requirements

0 Understand impact of changes in component design

NREL Baseline Fiat 500e Model (CoolSIM)

Cabin Space

AC request

Achievements:

a Matlab-Simulink-based Model has been initiated in

February 2015 and is on-going

half)

Preliminary UTEMPRA model has been initiated.
Detailed work on this model will occur in BP-1 (2nd

UTEMPRA Model
under development

Refrigerant

Circuit

ipeem Ine8
Power Electronics and Motor Cooling Loop |

Charger ~ Motor PEEM  pump2 = oo

motor peem pump2

LINE 4 CHILLER

LINES RADIATOR LINE 6

pTu  pTd Pl pTa pTu  pTd

Battery "Free" Cooling Loop

Ine5. radator ne6

LINE7 RADPEEM LINE 8

& tank2

1 J

el fad|

charger

AJIC Assisted Battery Cooling Loop

Pressure (kPa)

P PTu
PUMP 1 T
pTa Py —
BATTERY an
w— — LINE 1 -
Termnator!
BT e 1) -

-
o
w

10%

Termnator

JUNCT1

juncion

Loop Flow Rate
Calculations

Ambientand
other Boundary
Conditions

Case Selection

inel

Fiat 500e Baseline

......

saturation lines

== gvaporator
chiller

=== condenser

==—#=COompressor

=—#valve 1

valve 2

/O chilleru

{ Ipjunct
condu
=+ hpjunct

% evapu

100 150 200 250 300 350 400 450 500 550

Specific Enthalpy(kJ/kg)

e s B @ H
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Response to Previous Years Comments

N/A as this project is new

DE<ELPHI
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Collaboration/Coordination with Subrecipients

» Responsible for providing BEV, packaging information, HVAC & PTC algorithm understanding and
access

= Responsible for vehicle range verification tests

= Design and develop MMFC (Multi-Mode Flow Controller)

» Goal of commercially viable product

» Responsible for thermal model of Unitary HPAC System
= Responsible for vehicle thermal model
= Bench test of the UTEMPRA system

O Coordination is accomplished through bi-weekly team meetings working from master
timeline

O Separate collaboration sessions by teleconference
0 Site visits/workshops planned in 2" half of BP-1 onwards

DE<ELPHI
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Remaining Challenges and Barriers

O Challenge 1: Design and validate a Multimode Fluid Controller (MMFC) — “heart” of coolant
network

= Control all operating modes successfully
» Meet mass & packaging
= Make product commercially viable

O Challenge 2: Develop a braze recipe for flux-less braze materials

= Minimize coolant contamination to protect battery and other sensitive HV components
= Qutline critical parameters for flux-less material braze
» |dentify possible braze issues in production

O Challenge 3: Integrate UTEMPRA system with existing ESS, PEEM and HVAC
components in the Fiat 500e vehicle

» Understand system compatibility issues (hardware/software) and control requirements of vehicle
= Control UTEMPRA while communicating with the vehicle bus
» Ensure safe operation of the vehicle with new (UTEMPRA) system
» Determine drive cycles to best demonstrate the impact of UTEMPRA
(SAE J1643 Recommended Practices available)

DE<ELPHI
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Future Work

0 Budget Period 1- Remainder (Apr. 10t to Oct. 315t -15): Technology Development Phase

» Design system components (Heat exchangers, Compressor, Valves, Pumps)
» Develop flux-less braze equipment specification & order equipment (long-lead)
» Develop Matlab-Simulink system model to study Baseline and UTEMPRA systems

0 Budget Period 2 (Nov. 15t -15 to Oct. 315t -16): System Development Phase

» Braze Equipment Qualification
» Component Tooling and Build

» Component and System Tests
» Prototype MMFC build and Test

0 Budget Period 3 (Nov. 15t -16 to Sep. 30t -17): Technology Deployment Phase

» Vehicle Controls Development — Software/Hardware

» Durability Validation of Components

» Manufacturing Plan and Cost Estimation

» Vehicle Build with final components

» Vehicle Wind Tunnel and on-road testing

» Final Technical Analysis, Reporting, Vehicle Delivery to DOE

DE<ELPHI

This presentation does not contain any proprietary, confidential, or otherwise restricted information.



Summary of Key Achievements

Q

Established packaging feasibility and sizing guideline for UTEMPRA components

Vehicle requirements, battery/power inverter thermal management logic and baseline vehicle
testing together provided UTEMPRA requirements. Specification document (ver. 1)
established.

Coolant system architecture established. This provides design inputs for MMFC design and
captured in MMFC Specification document.

Braze furnace specification completed. Quotation is in process. Delivery and braze process
qualification is a long lead time task.

DE<ELPHI

This presentation does not contain any proprietary, confidential, or otherwise restricted information.




	Unitary Thermal Energy Management for Propulsion Range Augmentation (UTEMPRA)
	Overview
	Relevance and Project Objective
	Approach – Baseline BEV System
	Approach – UTEMPRA System
	Approach – Milestones
	Approach – Activity Flow/Timeline
	Technical Accomplishments –       Preliminary Vehicle Packaging Study
	Technical Accomplishments –       Baseline Testing & Specification Creation
	Technical Accomplishments –         Coolant System Architecture
	Technical Accomplishments - Braze
	Technical Accomplishments – Braze Furnace
	Technical Accomplishments - Modeling 
	Response to Previous Years Comments
	Collaboration/Coordination with Subrecipients
	Remaining Challenges and Barriers
	Future Work
	Summary of Key Achievements
	Reviewers Only Slides
	Slide 1: Refrigerant Savings
	Slide 2: UTEMPRA Range Benefit – Preliminary Assessment
	Slide 3: UTEMPRA Component List (Ref. Slide 10)
	Slide 4: Overview of UTEMPRA System Modes

